The authors have used the concentration of salt in sweat as an objective test to demonstrate the existence of a group of hypertensive patients with clinical signs of hyperadrenocortical function. The significantly lower concentration of salt in the sweat of patients with this endocrine hypertensive syndrome distinguishes them from other hypertensive patients who show no significant difference from normal. That this difference reflects an adrenal pathway is further suggested by Conn's demonstration that hypoadrenal activity is associated with high concentrations, and hyperadrenal function with low concentrations of salt in sweat.
IT HAS BEEN repeatedly demonstrated in the treatment of Addison's disease,'-3 in rats,4-7 and in normotensive and hypertensive human beings8-10 that desoxycorticosterone acetate in large enough doses will elevate blood pressure to pathologic levels. Although many suggestions have been made that the adrenal cortex may play a role in the causation of human essential hypertension9" there is no sound evidence that cases so classified have hyperactivity of adrenal cortical function.
Recently, Conn16-19 has used a method of estimating the salt-retaining function of the adrenal cortex by measuring the concentration of salt in sweat. He found sodium and chloride concentrations high in Addison's disease and very low in Cushing's syndrome. Schroeder'-23 has pointed out some of the clinical characteristics of a group of hypertensive women which he tentatively called "pseudo-Cushing's syndrome." This group has been differentiated chemically as well as clinically from other types of "essential" hypertension and will be shown to have the abnormal salt concentration of sweat characteristic of hyperadrenocorticalism.
The majority of cases of hypertension of other, or unknown, etiology do not have this characteristic.
METHODS

Selection of Subjects
Controls. Subjects included in this report fell into four groups. Twenty-one normal, active members of the hospital staff, most of whom were in their third decade, served as controls. Ten were men; 11 were women. Endocrine Hypertensive Syndrome.* A second group of 24 hypertensive women were selected for evidence of metabolic disturbances of the type which has been tentatively called "pseudo-Cushing's syndrome.'"21 The three most important diagnostic clinical findings in these patients were: central obesity, which was often excessive, chiefly in the thighs, abdomen, breasts and face; a history of sudden weight gain, often occurring at the menarche, menopause, after childbirth or after gynecologic operation; and menstrual abnormalities, including artificial menopause. Secondary and less common signs included hirsutism, light striae on abdomen and thighs and occasionally on upper arms, tendency to bruise easily and the presence of sugar in the urine or a diabetic type of glucose tolerance curve. Table 4 shows a tabulation of the presence or absence of each of these signs.
Other Hypertensives. A third group consisted of 16 hypertensive women and 6 hypertensive men. None of them had enough characteristics of the * This nonspecific term is used in preference to one referring to the adrenal cortex, because the possibility remains that the clinical and laboratory manifestations of hyperadrenocortical activity are relative and due to a decrease in some balancing hormone. It seems more likely that stimulation of the adrenal cortex is part of a chain of endocrine disturbances which may involve the ovary and the pituitary. 494
Circulation, Volume II, October, 1950 endocrine syndrome to warrant the diagnosis. One had coarctation of the aorta, 2 chronic glomerulonephritis, and the other 19 had hypertension of unknown etiology (Table 5) Obesity. Eight normotensive women were selected for obesity alone to rule out any role this factor might play in the endocrine group Schroeder described, since the maximum weight of the patients of the latter group averaged over 200 pounds. Technic The entire back of each subject was sponged clean with alcohol and dried. The subject was permitted to sit in a steam room maintained between 102 and body temperatures rose considerably. The possibility of condensation of moisture on the skin as well as of evaporation from the body, though not completely eliminated, were thought to be negligible. However, because of the greater possibility of condensation of moisture on the skin at the beginning and because of the probability that full response to the sweating stimulus was not acquired as rapidly in one subject as in the next, the 30 minute samples were taken as the more dependable. The greater 49.5 range of concentrations in the 15 minute samples of each group is in keeping with this reasoning.
Analyses for sodium were made on the Beckman Flame Photometer at a wave length of 589 g and for chloride by titration, using the Wilson-Ball modification of the Van Slyke method.24 Statistical analysis for the significance of differences between means was made by Fisher's t test for small samples26 from which probability values were found. Season. Table 2 shows a comparison of tests performed on the same normal subjects between February and August. Salt concentrations in sweat were found to fall with seasonal increases in temperature. In February, when the average St. Louis temperature was 35.8 F., the mean concentration of sodium in the 30 minute 
RESULTS
Sex. Table 1 shows concentrations of sodium and chloride in sweat in milliequivalents per liter in normal men and normal women after 15 and 30 minutes in the steam room. Tests were done in the winter in all but one man and one woman so that the effect of seasonal variation is not present. Although the mean values for both sodium and chloride are lower in women than in men, the individual variation is so great in both groups that the differences are not significant. However, it is possible that women could be shown to average lower sweat salt concentrations than men by a much larger sampling. samples of sweat was 65.2 mEq. per liter. In July, the mean temperature was 80.8 F. and the sodium concentration in sweat of these subjects averaged 39.2 mEq. per liter. The average decrease in sodium concentration in these subjects compared favorably with the differences found between two groups of 19 summer and 19 winter tests on normal subjects (fig. 1) including those in table 2. The mean 30 minute sample had a sodium concentration of 30.7 mEq. per liter lower in summer than in winter.
Since patients were tested in each month from February to August, this seasonal variation had to be taken into consideration in 36.5 comparing groups with each other. Of the 24 endocrine hypertensive patients 10 were tested in winter. The other 14 patients were tested between June 29 and August 10. Among the nonendocrine hypertensives, 7 of 22 patients were tested in summer.
Weight. Since one of the clinical characteristics of Schroeder's endocrine syndrome is obesity, the 8 normotensive obese women given the test were compared with 8 obese women than among the normals, but there was no significant difference in either the 15 or 30 minute samples between the two groups. Because of this lack of difference and since the obese normotensives were tested in summer they were incorporated into the summer group of figure 1.
Hypertension. Only 3 of the 24 endocrine hypertensive patients had a concentration of sodium in sweat above 35 Of the 22 cases of other types of hypertension (table 5) , only 4 had concentrations of sodium in sweat collected at the end of 30 minutes below 35 mEq. per liter. One (F. Wal.) was a man with nephritis, one (J. Ros.) an overweight man with neurasthenic symptoms, one a markedly underweight woman of 33 (A. She.), and one (A. Kno.) a woman with a history of menstrual abnormalities but no other signs of endocrine dysfunction. The mean sodium concentration at 30 minutes for the entire group history of the signs and symptoms discussed above in the group of unknown etiology is fairly conclusive evidence against this possibility. Comparison of the highest recorded diastolic blood pressures of each patient showed that the distribution of mild (< 100 mm. Hg), moderate (100-120 mm. Hg) and severe (> 120 mm. Hg) levels was approximately equal in the the lowest recorded diastolic pressures, the distribution was 10, 10 and 4 for the endocrine type and 9, 11 and 2 for the others, respectively.
Sodium to Chloride Ratio. The ratio of sodium to chloride* concentrations in the 15 and 30 * In making these comparisons chloride values below 5.0 mEq. per liter were rejected because of the titrimetric error in determining such small amounts. Figure 2 shows a comparison of the two hypertensive groups uncorrected for seasonal differences. The data fall into two distinct distribution curves. As might be suspected, the concentrations of sodium in sweat of some of the patients with the endocrine hypertensive syndrome are not as low as is found in Gushing's syndrome. Table 6 shows probabilities that the differences between various groups could be explained by chance. The difference between normal men and women and between normalweight normotensive women and obese normotensive women is not significant. On the other hand, the difference between winter-normal and summer-normal tests is highly significant. To establish the fact that the endocrine hypertensives have lower concentrations of salt in sweat than other groups, they were compared with summer-normals in spite of the presence of 10 who had tests in winter, thus tending to raise the mean and the standard deviation of the group. In spite of this there is 1 chance in 100 that it is not a statistically distinct group.
These differences were obtained without consideration for the physiologic state of the patients except that those who had been on low salt diets were instructed to take salt ad libitum. Tests on patients who remained on low salt diets were not used in these studies. The effect of a meal, of exercise, of emotional states or time of day were not investigated. None were basal. It is probable that the differences (lemon-strated would be even more significant if variations due to these factors were controlled.
Similarly, the other hypertensives were compared with the highest (winter) normal group, in spite of the presence of 8 summer-hypertensive patients, to see if hyperadrenocortical function could be claimed. The chances that they belong to the same group are over 35 in t00 in spite of the presence of two cases of glomerulonephritis which tended to increase the difference between the groups. Figure 3 shows mean 30 minute sodium values of normals, and endocrine and other hypertensives in winter and summer. It is seen that the normals and endocrine hypertensives decrease almost 50 per cent in summer. The change in the other hypertensives is not as great and is probably significantly less than the normals since the fall was only 20 per cent of the winter level; because of the small number of summer-hypertensives in this group the decrease is not statistically significant. Nor is the difference between summer-normals and summer-hypertensives significant.
DISCUSSION Various descriptions of hypertensive states
with an endocrine factor have been made. In some there are distinct differences from the characteristics of the endocrine hypertensive syndrome. Others, though poorly defined,are compatible with this diagnosis.
Cushing's syndrome2 in women is characterized by hypertension, glycosuria, osteoporosis, obesity of the face and trunk, purple striae, hirsutism and amenorrhea. This symptom-complex has been explained on the basis of adrenal cortical tumors, lesions of the hypothalamus, adenomas and hyalinization of 'basophil cells of the pituitary, and tumors of the thymus. Cases of the endocrine type often qualitatively resemble Cushing's syndrome in a number of respects, including hypertension, central obesity, menstrual abnormalities, and low salt concentration in sweat. However, in general it is a milder and less easily recognized group of symptoms and may have no evidence of hirsutism, abnormal carbohydrate metabolism, or osteoporosis. In response to small doses of insulin, four showed increased (> 2 ofMn) and five showed decreased (<2 UMn) sensitivity. One fell within normal limits.27 That it is clinically recognizable with few exceptions has been demonstrated by the confirmatory evidence of low salt concentration in sweat shown above.* It is probable that the cases studied, with the possible exception of L. Cha., result from hormonal imbalance without adenomatous growth.
One of the endocrine hypertensives, M. Lar., was studied in detail by Daughaday and Mac-Bryde. On changing suddenly from a sodium intake of 3 mEq. per day to 205 mEq. per day "there was a remarkable carry-over of sodium conservation which produced a sodium retention far in excess of any possible deficit accrued by sodium restriction." However, salt intake had no effect on either 17-ketosteroids or formaldehydogenic steroid excretion. Two normo-* It is not known whether these differences in salt concentration of sweat are due to differences in physiologic response to the stress stimulus of a steam room or to a pre-existing difference in the composition of sweat. However, a test for sodium in sweat reported recently by Leslie and Levin28 in which only one arm was warmed, sweat being collected from the other arm, gave normal values no higher than ours. Unfortunately, they did not record the climatic conditions at the time the tests were done. However, it is apparent that a stress applied to one extremity has no less effect on the factors regulating retention of salt than one applied systemically. In either case there is no evidence for or against the adrenal cortex playing an etiologic role in the "endocrine hypertensive syndrome." However, the stimulation of adrenocorticotropic hormone by epinephrine must be considered as one possible mechanism. tensive women accommodated rapidly to similar sudden increases in sodium intake by increases in sodium excretion. No effect on steroid excretion was observed in either patient. Another patient from our endocrine hypertensive group, L. Spe., had an abnormally high excretion of formaldehydogenic steroids.29 Administered adrenocorticotropic hormone (ACTH) was active in stimulating sodium restriction, but extreme changes in sodium intake apparently have no noticeable effect on release of ACTH. The problems raised by these results have been well summarized by Perera.30 In 1941 Rinehart3' added to the body of evidence that adrenal hyperplasia occurs often in cases of essential hypertension. Raab32 in the same year reviewed the evidence for the part played by the adrenal in hypertension and demonstrated an increase in adrenocortical substances in the blood in cases of "renal" hypertension with and without renal insufficiency as well as in congestive heart failure. He found no clear relation between the blood level of adrenocortical compounds and the blood pressure and concluded that these compounds further the development of arterioloselerosis with secondary ischemic effects on the vasomotor centers of the brain and in the kidneys.
The endocrine hypertensives reported here are not characterized by any degree of renal impairment and are occasionally mild cases with few symptoms. They cannot be called "renal" hypertensives since positive evidence for a renal factor is lacking. Usually intravenous pyelography and urine cultures are negative. Therefore, we do not believe this group is related to the type Raab has reported.
Bruger and co-workers33 confirmed previous reports that hypertension "is not necessarily accompanied by any specific alteration in the histology of the adrenal cortex." They further reported a lower 17-ketosteroid excretion in hypertensive than in normal subjects. These findings are not incompatible with our results.
F. Selye'2 reported the serum sodium to chloride ratio in 10 hypertensive patients to be elevated above 1.44, whereas in 24 other hypertensives and all normal subjects the ratio fell below this level. Although sweat sodium to chloride ratios were not elevated in the endo-crine group, some of her cases may have fallen into this category.
Heinbecker'4 34 has used studies of Cushing's syndrome "as a basis for a concept of the pathogenesis of essential hypertension because in both states there invariably develops diastolic hypertension and arteriolar sclerosis." It may be that this analogy can be applied to the endocrine hypertensive syndrome, but evidence for hyperadrenocortical function in the remainder of essential hypertensives is still lacking. The acclimatization of our other hypertensives to a St. Louis summer as measured by changes in sweat salt concentration seemed to be less than that of the normal and endocrine subjects ( fig. 3 ). Although this requires confirmation, it would suggest depletion of adrenocortical reserves. That blood pressure can be maintained at high levels with normal or decreased function of the salt-retaining factors in such individuals is taken as indirect evidence that such a mechanism does not play a prominent role in the maintenance of their hypertension.
H. Selye and associates35 have recently reemphasized their previous evidence that the production of hypertension and nephrosclerosis in rats is dependent on administration of both desoxycorticosterone and the sodium ion. Neither DCA and a salt-free diet nor 1 per cent sodium chloride without DCA resulted in nephrosclerosis or a significant change in blood pressure. These data are particularly pertinent in the light of Schroeder's report of patients falling into this clinical syndrome who responded to a low salt diet by a fall of blood pressure.2' Other hypertensives did not respond to a low salt diet with a significant fall in blood pressure. Four of those who did respond have since been found to have low sweat salt concentrations. Similar results have been obtained by Grollman and associates. 36 Sensitivity of blood pressure to sodium chloride intake was found in 2. All three who responded were women; one had had an operation for removal of uterine myomas, and a second was obese. These facts suggest that the differences in response to salt restriction found may have been related to the type of hypertension which these patients had.
Although the electrolyte-regulating zona glomerulosa of the adrenal cortex seems to be relatively unaffected by hypophysectomy in the rat,37 there is good evidence that adrenocorticotropic hormone influences electrolyte metabolism in man. There is an increased salt retention after administration of adrenocorticotropic hormone (ACTH),38 presumably a manifestation of increased adrenocortical function. Decreased concentration of salt in sweat has also been found by Conn and ourselves after ACTH administration'8' 29 and in acclimatization to heat. '7 19 The effect of changes in climatic conditions on adrenal cortical function has been studied by Kark.39 Sudden exposure to cold produced metabolic changes, including sodium and chloride retention, similar to those following the injection of adrenocorticotropic hormone. This link would make a primary disturbance in the cerebral cortex or hypothalamus more plausible by permitting a pituitaryadrenal pathway for the production of the symptomatology characteristic of increased adrenocortical function. However, other possible explanations of the defect in the syndrome here described include suppression of the inhibiting effect of ovarian hormones on the pituitary by decreased ovarian function as suggested by the gynecologic history. There may also be a true or relative decrease in production of a salt-losing hormone. Investigation of the possibilities is in progress and detailed case studies of these patients will be published.
CONCLUSIONS
Hypertensive patients selected at random from the wards of Barnes Hospital and the Hypertension Clinic of Washington University have been separated into two groups, each with a distinct distribution curve of the concentration of sodium and chloride in sweat, and with dissimilar clinical characteristics. The results are presented as evidence (1) for the existence of a type of hypertension in which there is an abnormal reabsorption of salt from sweat probably mediated through the adrenal cortex, together with clinical signs of hyperadrenocortical function; (2) against a hyperactivity of the salt-retaining hormone of the adrenal cortex in the majority of cases of essential hypertension.
The proportion of hypertensives belonging to the endocrine hypertensive syndrome is greater than originally thought but probably does not. exceed 20 per cent of all cases of essential hypertension. SUMMARY 1. Standards for normal men and women and obese women have been established for a test of salt concentration in sweat.
2. Differences between winter and summer for normal subjects under the conditions of the test have been established.
3. A new syndrome has been distinguished from the group previously called essential hypertension by clinical characteristics and by demonstration of a significant difference in their sweat salt concentrations.
4. The remainder of hypertensive patients studied were found not to differ from the normal group in their sweat salt concentration. 5. It is suggested that the salt retaining hormone of the adrenal cortex is not hyperactive in the majority of cases of hypertension, but that it may be in the new group identified by Schroeder.
